-Several studies have anecdotally reported the occurrence of altered urinary voiding patterns in rodents exposed to social stress. A recent study characterized the urodynamic and central changes in a rat model of social defeat. Here, we describe a similar voiding phenotype induced in mice by social stress and in addition we describe potential molecular mechanisms underlying the resulting bladder wall remodeling. The mechanism leading to the altered voiding habits and underlying bladder phenotype may be relevant to the human syndrome of dysfunctional voiding which is thought to have a psychological component. To better characterize and investigate social stress-induced bladder wall hypertrophy, FVB mice (6 wk old) were randomized to either social stress or control manipulation. The stress involved repeated cycles of a 1-h direct exposure to a larger aggressive C57Bl6 breeder mouse followed by a 23-h period of barrier separation over 4 wk. Social stress resulted in altered urinary voiding patterns suggestive of urinary retention and increased bladder mass. In vivo cystometry revealed an increased volume at micturition with no change in the voiding pressure. Examination of these bladders revealed increased nuclear expression of the transcription factors MEF-2 and NFAT, as well as increased expression of the myosin heavy chain B isoform mRNA. BrdU uptake was increased within the urothelium and lamina propria layers in the social stress group. We conclude that social stress induces urinary retention that ultimately leads to shifts in transcription factors, alterations in myosin heavy chain isoform expression, and increases in DNA synthesis that mediate bladder wall remodeling. Social stress-induced bladder dysfunction in rodents may provide insight into the underlying mechanisms and potential treatment of dysfunctional voiding in humans. dysfunctional voiding; mind-body interaction; calcineurin; NFAT; smooth muscle THE CONCEPT THAT MURINE VOIDING habits are affected by social rank dates back to 1973 and the work of Desjardins et al. (9) who demonstrated marked differences in micturition patterns among submissive mice exposed to a dominant cage mate. Since that time, additional reports have confirmed altered voiding patterns (16, 22) , but the effect on the bladder wall itself has not been characterized. In this paper, we present data that support our contention that social stress not only results in an abnormal voiding pattern, but also leads to the remodeling and hypertrophy of the target visceral organ. This serves as an example of a mind-body interaction in which exposure to social stress leads to measurable hypertrophy and associated changes in a transcriptional pathway with concomitant changes in gene expression within the bladder wall.
-Several studies have anecdotally reported the occurrence of altered urinary voiding patterns in rodents exposed to social stress. A recent study characterized the urodynamic and central changes in a rat model of social defeat. Here, we describe a similar voiding phenotype induced in mice by social stress and in addition we describe potential molecular mechanisms underlying the resulting bladder wall remodeling. The mechanism leading to the altered voiding habits and underlying bladder phenotype may be relevant to the human syndrome of dysfunctional voiding which is thought to have a psychological component. To better characterize and investigate social stress-induced bladder wall hypertrophy, FVB mice (6 wk old) were randomized to either social stress or control manipulation. The stress involved repeated cycles of a 1-h direct exposure to a larger aggressive C57Bl6 breeder mouse followed by a 23-h period of barrier separation over 4 wk. Social stress resulted in altered urinary voiding patterns suggestive of urinary retention and increased bladder mass. In vivo cystometry revealed an increased volume at micturition with no change in the voiding pressure. Examination of these bladders revealed increased nuclear expression of the transcription factors MEF-2 and NFAT, as well as increased expression of the myosin heavy chain B isoform mRNA. BrdU uptake was increased within the urothelium and lamina propria layers in the social stress group. We conclude that social stress induces urinary retention that ultimately leads to shifts in transcription factors, alterations in myosin heavy chain isoform expression, and increases in DNA synthesis that mediate bladder wall remodeling. Social stress-induced bladder dysfunction in rodents may provide insight into the underlying mechanisms and potential treatment of dysfunctional voiding in humans. dysfunctional voiding; mind-body interaction; calcineurin; NFAT; smooth muscle THE CONCEPT THAT MURINE VOIDING habits are affected by social rank dates back to 1973 and the work of Desjardins et al. (9) who demonstrated marked differences in micturition patterns among submissive mice exposed to a dominant cage mate. Since that time, additional reports have confirmed altered voiding patterns (16, 22) , but the effect on the bladder wall itself has not been characterized. In this paper, we present data that support our contention that social stress not only results in an abnormal voiding pattern, but also leads to the remodeling and hypertrophy of the target visceral organ. This serves as an example of a mind-body interaction in which exposure to social stress leads to measurable hypertrophy and associated changes in a transcriptional pathway with concomitant changes in gene expression within the bladder wall.
Multiple signaling cascades lead to bladder wall hypertrophy; one candidate that we focused on is the calcineurin pathway. This ubiquitous pathway first described in lymphocytes enables alterations in cytosolic calcium to trigger changes in gene expression that allow for organ remodeling (8) . Calcineurin is a phosphatase activated by sustained changes in the basal levels of cytosolic calcium and serves to dephosphorylate the nuclear factor of activated T cells (NFAT). Following dephosphorylation, NFAT crosses the nuclear membrane to act as a transcription factor (8) . In addition to activating NFAT, the transcription factor myocyte enhancing factor 2 (MEF-2) is also partly regulated by calcineurin. This pathway has been shown to be instrumental in cardiac remodeling (23) , and in particular for the development of the left ventricular wall hypertrophy that results from aortic banding (32) . We previously demonstrated evidence for calcineurin activation following surgical partial bladder outlet obstruction (pBOO) in a rabbit (7) as well as a murine model (21) . To study this pathway in the bladder, we began using a transgenic mouse containing an NFAT-luciferase reporter construct developed for the study of cardiac hypertrophy (32) . In the course of our surgery to create pBOO in these transgenic mice, serendipitous observations revealed large and distended bladders were occasionally observed in older cohorts of nonoperated mice. Additionally, there appeared to be a correlation between the bladder size and the degree of subordination observed. These large bladders from the subordinate mice all had increased luciferase activity indicative of activation of the calcineurin pathway (since these data were obtained in the NFAT-luciferase transgenic mice, a rise in nuclear NFAT leads to a rise in luciferase activity) as well as shifts in their expression of myosin heavy chain mRNA for the A and B isoforms. These findings were strikingly similar to those we observed in mice subjected to surgically induced pBOO (1, 21) .
These preliminary, albeit retrospective, data suggested that social stress, perhaps through urinary retention, engaged the calcineurin pathway which in turn leads to an increase in NFAT and ensuing bladder hypertrophy. This was an exciting finding as it implied that social cues could engage cellular signaling pathways that result in visceral remodeling. More importantly, given that dysfunctional voiding in children is thought to have a psychological basis and can present with significant bladder hypertrophy, social subordination in mice may offer a useful model of this common clinical disorder. We therefore undertook the present study to systematically characterize the impact of a randomized trial of social stress on the bladder wall and a cellular signaling pathway known to play a role in bladder hypertrophy.
MATERIALS AND METHODS
Protocol to identify C57 aggressor mice. Six-month-old retired breeder male C57BL6 mice were obtained from commercial vendors. Aggressive males were identified by placing the mice in a cage with an FVB mouse and determining the time to the first aggressive episode. Aggressive mice were defined as those C57BL6 males who attacked the FVB mouse in under 1 min. Screening was ended if bite marks appeared on the tail of the FVB mouse. Approximately onethird of all C57BL6 mice screened were aggressive enough to meet this criteria.
Behavioral protocol. A single aggressor mouse was housed with a 6-wk-old FVB mouse for a 1-h period in a 7.5 ϫ 6 ϫ 5-inch space created by inserting a divider into a standard cage. After 1 h, the mice were separated by the barrier which allowed for direct visual and olfactory contact, but prevented direct physical contact. After 23 h of separation, each FVB mouse was rotated into a new cage with a new aggressor for 1 h of direct exposure, followed by a 23-h period of separation by the barrier. This cycle was repeated daily for a 1-mo period (Fig. 1) . Control mice were housed individually in the same cages with barriers but were not exposed to the aggressive males. All procedures were approved by The Children's Hospital of Philadelphia institutional review board for animal care and use.
Voiding patterns. In vivo voiding patterns were measured by placing stressed and control mice individually into metabolism cages (model MTB-0311, Braintree Scientific, Braintree, MA) with food and water ad libitum. These measurements were performed between days 26 and 27 of the 4-wk protocol and 6 h after the last direct exposure to the aggressive mouse. Following a 24-h acclimation period, a 12-inch Whatman filter paper was placed below the screen in the metabolism cage for an additional 12 h of monitoring. The filters were exposed to UV light to identify the urinary chromogens, and a digital image was recorded (using the Epichem3 gel documentation system). Voiding frequency and volume were determined with National Institutes of Health image analysis software and entered into an Excel data sheet.
In vivo cystometry. In vivo cystometry was performed at the completion of 4 wk of social stress in a separate cohort of mice from the control and social stress groups. Upon completion of the 4-wk protocol, mice were anesthetized, and a PTF catheter with a blunted end (Catamount Research, St. Albans, VT) was sutured in place at the bladder dome and tunneled out the abdomen to the nape of the neck where it was then inserted into the end of a 22-gauge angiocath iv catheter. Upon determination of the optimal length, the PTF catheter was affixed to the angiocath with super glue. The angiocath was capped, after a gentle saline infusion revealed no leak at the bladder, and the abdomen was then closed in layers. The angiocath was anchored to the fascia and skin of the neck using a two to three 3-0 Vicryl sutures. Once implanted, the catheters were left undisturbed for 3 days at which point in vivo cystometry was performed by infusing saline at 10 l/min (Catamount Research). At least four cycles of bladder filling and emptying were completed before acquiring three cystometrograms. Using the cystometry analysis software, four parameters were measured: volume at micturition, threshold pressure at the micturition volume, the voiding pressure, and the voided volume. The results of the three final cystometrograms were averaged for each individual mouse. Cystometry data were collected for seven control and eight stress mice and the results were averaged.
Tissue collection. Upon completion of the behavioral protocol and determination of the voiding patterns, mice were weighed, anesthetized with isofluorane anesthesia, and euthanized once their bladders were excised. All bladders were weighed, divided in half (to allow for isolation of RNA and nuclear protein), and stored at Ϫ80°C.
EMSA. Nuclear protein extracts were prepared from whole bladders following instructions from the manufacturer's kit with a minor modification of the suggested buffer volume to account for the small tissue size (Panomics, Fremont, CA). The nuclear protein levels were quantified by a modified Lowry assay (Bio-Rad, Hercules, CA). The Odyssey Infrared EMSA kit from LI-COR (Lincoln, NE) was used for all gel shift assays. All binding reactions were performed at room temperature in the dark for 20 min in a volume containing 5 g nuclear protein and 1 l of an infrared (IR)-labeled oligonucleotide probe. Total volume was adjusted to 20 l with binding buffer. Using custom made IR-labeled primers and a 30-bp segment containing the NFAT consensus binding sequences from the IL-2 promoter, we were able to create an IR-NFAT oligonucleotide probe using PCR. Using identical but nonlabeled primers, we also synthesized a "cold" non-IR probe for the NFAT competition reaction. This same technique was used to construct labeled and nonlabeled oligonucleotide probes for MEF-2. To further confirm the identity of the shifted bands, nuclear protein extracts were also preincubated for 10 min with the BiotinNFATc probe and 1 g of NFATc3, NFATc4 (SC8405 and 1153, Santa Cruz Biotechnology, Santa Cruz, CA), or MEF2b (Ab 33540, Abcam, Cambridge, MA) antibodies and incubated for 10 min on ice followed by 10 min at room temperature before loading onto the gel. Upon completion of the binding reaction, all samples were run on a precast 5% TBE gel (Bio-Rad) at 80 V at 4°C in the dark for ϳ1.5 h. Gels were scanned in the Odyssey Infrared Imaging System (Li-Cor) and bands were quantified using Odyssey software.
RNA isolation and PCR. Total RNA was isolated according to the manufacturer's instructions (TRIzol, Invitrogen, Carlsbad, CA) and the final pellet was air dried and dissolved into a ribonuclease-free storage buffer (RNA Storage Solution, Ambion). The RNA concentration was determined spectrophotomically. cDNAs were produced using 1 g total RNA with a commercially available kit (Retroscript, Ambion). cDNA (2.5 l, 0.25 g) was used for PCR with 1 g each of the upstream and downstream primers. The total volume was brought to 12.5 l with PCR grade water and then 12.5 l PCR Master Mix (PCR Master, Roche Diagnostics GmBH, Mannheim, Germany) were added. The primers for the MHC isoforms SM-A and SM-B were: upstream 5Ј-CCA CAA GGG CAA GAA AGA CAG C-3Ј and downstream 5Ј-TCC GGC GAG CAG GTA GTA GAA GA-3Ј. Conditions for the simultaneous amplification of SM-B (289 bp) and SM-A (268 bp) PCR products were as follows: following a 5-min denaturation at 95°C, 30 cycles consisting of 95°C for 50 s, 55°C for 1.5 min, and 72°C for 2.5 min with a final extension of 7 min at 72°C. 18S RNA was used as the internal standard against which Fig. 1 . Schematic representation of the behavioral protocol used to induce social stress voiding dysfunction. The identification of aggressive C57 males from a population of retired breeders was made by observation when these mice were placed with a 6-wk-old FVB male. C57 mice were deemed aggressive if they attacked the FVB mouse in under 5 min. Approximately one-third of C57 mice screened met this criteria. Mice were separated as soon as any bite resulted in bleeding.
individual myosin bands could be normalized (Quantum RNA 18S internal standards kit #1717, Ambion). PCR products were resolved by 2% agarose gel electrophoresis, visualized with ethidium bromide, and images were digitized. Individual band density was determined using image analysis software (ImageJ, version 1.36), and the expression of the SM-B and SM-A isoform mRNA normalized against the expression of the 18S ribosomal RNA standard. The signal from the myosin expression was divided by the signal from the 18S standards and the mean values Ϯ SD were determined for the control and stress groups.
BrdU administration and staining. In a subset of mice, BrdU was delivered in the drinking water at a concentration of 1 mg/ml. The water bottles were covered in aluminum foil, and fresh water and BrdU were added at 3-day intervals. At death, the urethra was ligated, the distended bladder was excised, and the specimen was transferred into buffered formalin. The bladders were then divided in halves, which were embedded in paraffin and 5-m sections were cut.
Localization and quantification of BrdU synthesis within the bladder wall. A set of five paraffin-embedded bladders from each group was analyzed with dual immunofluorescence labeling using a sheep polyclonal antibody to BrdU (Capralogics, Hardwick, MA) with a secondary antibody coupled to Texas Red, and a mouse monoclonal antibody against smooth muscle myosin heavy chain (Abcam) with a secondary antibody coupled to fluorescein. All nuclei were visualized by staining with DAPI (Sigma). Following deparaffinization, 5-m sections were incubated at 4°C overnight with the primary antibody (1:400 dilution) and washed three times with phosphate-buffered saline. Secondary antibodies were applied at 4°C overnight, followed by an additional three washes with PBS. DAPI staining of the nuclei was carried out as per the supplier's instructions. Sections were imaged at the respective excitation wavelengths for DAPI (360 nm), FITC (480 nm), and Texas Red (595 nm) using the Leica DM400B microscope with a digital imaging camera and software (Phase 3 Image Pro, Glen Mills, PA). Images acquired from all three wavelengths were imported into Adobe photoshop and merged. In addition, the BrdU incorporation index was calculated by converting the separate DAPI and BrdU images into black and white images. This allowed us to use the image analysis software to label and then count all the nuclei as identified in the DAPI image. This same section was also viewed using the image analysis software to label and then count the sites of BrdU uptake. The total number of BrdU uptake sites was divided by the total number of nuclei identified by the DAPI stain to arrive at the BrdU labeling index.
Statistical analysis.
Comparisons between the control and social stress groups were made using paired or unpaired Student's t-tests with significance accepted as P Ͻ 0.05.
RESULTS
The bladder-to-body mass index (bladder mass in mg divided by the body mass in g) increased in those mice randomized to 4 wk of social stress compared with controls (P Ͻ 0.001; Fig. 2 ). Mice exposed to the social stress protocol demonstrated a lower voiding frequency (P Ͻ 0.05), as demonstrated by a diminished number of urine spots on the filter paper. Additionally, stressed mice exhibited an increase in average voided volume (P Ͻ 0.01) compared with controls (Fig. 3) .
In Fig. 4 , we summarize the findings and present representative tracings from the in vivo cystometry studies. The data demonstrated a statistically significant rise in bladder volume at micturition within the stress group (P Ͻ 0.01). The differences in voiding pressure were not significant (P ϭ 0.4). There was a trend toward significance for a rise in threshold pressure Fig. 3 . Voiding phenotype is altered by social stress with an increase seen in the average voided volume and a decrease in the frequency. These values represent the average Ϯ SD from 10 control and 10 stressed mice. Fig. 2 . Bladder wall hypertrophy develops with exposure to the social stress as per the protocol outlined in Fig. 1 . The y-axis represents the bladder mass (in mg) divided by the body mass (in g). Number of subjects is indicated in parentheses.
within the stress group (P ϭ 0.1). We also observed that within the control group, an average of 87% of the volume infused was voided. However, within the stress group, the voided volume on average was 113% of the infused volume (P ϭ 0.08).
Social stress altered the expression of the transcription factors NFAT and MEF-2 in bladder. Figure 5 shows gel shift assays in which there is an increase in the expression of NFAT induced by social stress relative to controls which we were able to quantify via the fluorescent tags on the oligonucleotide probe (P Ͻ 0.02). With the application of "cold" oligonucleotide probes (lane 3 in each gel), the signals were lost implying that the band shown corresponded to the transcription factor of interest. The application of a monoclonal antibody against NFATc3 leads to a loss of signal (lane 4) similar to that we reported in our study of anatomic pBOO (21) , but it did not result in a supershift. A similar finding was noted when we tested the antibody against NFATc4 (data not shown). We suspect that in bladder smooth muscle, this antibody recognizes an epitope near the oligonucleotide binding site that results in its displacement, and hence the loss of signal. In contrast, with the application of a monoclonal antibody against MEF-2b, we observed a supershift as the antibody NFAT complex and its oligonucleotide form a higher molecular weight complex. These changes in the gel shift assay serve to confirm along with the results of lanes run with "cold probe" that these bands reflect the expression of the transcription factors of interest.
Mice subjected to social stress also showed shifts in their myosin heavy chain mRNA B and A isoform expression when normalized to 18S ribosomal RNA. The greatest increase was seen in the expression of the B isoform (Fig. 6 ), but there was also noted an increase in the A isoform. At this time, we do not have antibodies to allow for a Western blot analysis of the protein expression of these isoforms. The currently available murine monoclonal antibody reacts against an 8 amino acid sequence difference between the B and A isoforms and does not react in mouse bladder tissue.
To determine whether new DNA synthesis is associated with stress-induced bladder wall remodeling, BrdU uptake was Fig. 4 . Representative in vivo cystometrograms from control (A) and stress (B) mice show a higher volume at micturition that was characteristic of the stress group. With social stress, the volume at micturition nearly doubled from 88 to 179 l with P Ͻ 0.01 (C). There were no differences in micturition pressure or the threshold pressure at which voiding was initiated. It was noted that in the stress group, the voided volume exceeded the infused volume by 13%; in contrast, in the control group the voided volume was 10% less than the infused volume (D). While this difference did not reach significance, it does suggest that the prolonged bladder retention induced by social stress may have resulted in postobstructive diuresis. These bar graphs represent means Ϯ SD of cystometry recordings from 8 stressed and 7 control mice. measured. In Fig. 7 , there is evidence of increased BrdU uptake in the bladder wall of mice subjected to social stress. This would suggest that there is new DNA synthesis taking place as the bladder remodels itself under the new demands it faces.
DISCUSSION
Urologists have long understood that voiding behaviors are influenced by social stress; Desjardins et al. (9) reported that voiding patterns in mice reflect their status within the social hierarchy. In Desjardins' study it was noted that while the dominant mouse voided frequently and with small voids, the submissive mouse appeared to develop urinary retention. Recent studies have confirmed that murine voiding patterns do change in response to social stress, and these changes are accompanied in shifts in the expression of proteins secreted into the urine (16) . Recently, the effects of social stress on urodynamic function in the rat have been characterized (33) . This study demonstrated that increased social stress in rats leads to increased bladder mass and an altered urodynamics pattern (33) that in many ways (but not completely) resembled that seen with pBOO (25) . However, to date, there has been no systematic study of the functional and molecular changes in the bladder following the exposure to social stress. In this paper, we validated the observations of Desjardins et al. and showed that associated with these changes in the voiding patterns (Fig.  3) , there are clear cut changes in a molecular signaling pathway and myosin heavy chain gene expression within the bladder wall itself.
The consequences of surgically induced pBOO have been well described; however, there is a paucity of models looking at nonsurgically induced voiding dysfunction. Burnett et al. (6) described voiding dysfunction in the neuronal nitric oxide synthase (nNOS) knockout mouse, but the gene deletion was not targeted to the urinary tract (15) . Subsequently, Sutherland et al. (29) pointed out these mice were also noted to be thirstier and had a vigorous diuresis. Their cystometry studies under urethane anesthesia failed to show major differences in capacity, although the leak point pressures were higher in the nNOS knockout group. Was this mouse voiding with higher pressures, or was the increase in bladder capacity and mass a reflection of volume based work? Jusuf et al. (17) studied Ncx/Hox11L.1 knockout mice and found them to have vesicourethral dysfunction with an increased voiding frequency and a lower voiding threshold pressure. Their findings also suggested alterations in the NO pathway were present in these mice. Bhattacharya et al. (4) reported on a murine model with a constitutively active point mutation in the 5-HT3A receptor subunit which demonstrated a phenotype consistent with voiding dysfunction, bladder wall hypertrophy, and upper tract changes which lead to death from uremia by 3 mo of age. Birder et al. (5) described altered bladder function in a mouse with a targeted deletion of the vanilloid receptor TRPV1. These studies offer important insights into bladder function, but the voiding dysfunction was a result of a genetic manipulation that was not bladder selective. 5 . Gel shift assays were performed for nuclear factor of activated T cells (NFAT) and myocyte enhancing factor 2 (MEF-2) and quantified using the Licor IR probe sets. With social stress, there was a rise in the nuclear translocation of both NFAT and MEF-2 over that seen in controls. In the absence of nuclear protein fractions, signal was lost (lane 1) compared with the gel shift seen from nuclear proteins from a social stress bladder (lane 2). Signal intensity for both NFAT and MEF-2 was lost with the application of "cold" oligonucleotide probe to the reaction (lane 3). The specificity of the oligonucleotide probe for the transcription factors was also studied using monocloncal antibodies. With the addition of anti-NFATc3 mab, there was a loss of signal as previously described (lane 4). A similar loss of signal was seen with antibodies against NFATc4 (data not shown). With addition of the monoclonal antibody against the MEF-2b, a pronounced supershift (SS) was observed (lane 4). These values represent the average Ϯ SD from 5 control and 5 stressed mice. In these current studies, we set out to define a rigorously controlled randomized social stress protocol and then characterize the resulting bladder wall remodeling that occurred in the stressed cohort. The simplest measure of this remodeling is seen when the bladder mass normalized to body mass; a parameter that is significantly increased in the stressed group compared with controls. While bladder wall remodeling is undoubtedly associated with multiple signaling pathways and transcription factors, in this paper we focused on a description of the changes that take place within the calcineurin-NFAT axis. With social stress there was an increase in nuclear accumulation of NFAT as measured using the gel shift assay which correlated with the bladder hypertrophy. This is significant because we showed that downregulation of nuclear NFAT accumulation after pBOO as seen in the SERCA2 knockout mouse is also associated with minimal bladder wall hypertrophy (21) . We also demonstrated a leading role for the calcineurin pathway in bladder wall hypertrophy following pBOO by using the known calcineurin inhibitor cyclosporine A (CSA) to block the development of the hypertrophy (7) . In this paper, we also report a rise in the nuclear expression of another transcription factor, MEF-2, which is partly regulated by calcineurin. This finding is also of significance because the promoter region for the myosin heavy chain gene has been shown to contain a consensus sequence for MEF2-b (18) and because we also demonstrated social stress induced changes in myosin heavy chain and protein gene expression.
In addition to these changes in transcription factor expression, we also observed shifts in the expression of the mRNA for the myosin heavy chain B and A isoforms. Normal control bladder will show a predominate expression of the B isoform splice variant which is associated with higher ATP consumption and leads to a higher velocity of contraction (2) . In contrast, the A isoform is associated with lower ATP consumption and a much slower velocity of contraction, and hence the muscle will generate diminished power. Both myosin heavy chain B and A isoform mRNA expression increased with social stress compared with control, although the greatest rise was seen with the B isoform. This set of observations suggests that social stress leads to alterations in transcription factor accumulation within the nucleus, with subsequent changes in gene and protein expression of a major contractile filament. We would have liked to quantify by Western blotting these shifts in the myosin B and A isoforms; however, we are limited by the antibody available. The current monoclonal antibody that recognizes the eight extra amino acids found in the B isoform was generated in a mouse and does not react with the murine myosin. It should prove possible for us to quantify these differences in isoform expression using proteomic methods.
We stated that social stress leads to bladder wall hypertrophy based on the increased bladder mass that results. However, this increase in bladder mass is also in part due to an increase in new DNA synthesis that is taking place in the urothelium and the lamina propria which are those zones of the bladder wall where the BrdU uptake is most intense. Thus, social stress results in hyperplasia, and we suspect that hypertrophy of the muscle bundles is also taking place. However, the formal definition of hypertrophy would demand a measure of multiple individual smooth muscle cell volumes (34) , and these measurements cannot be made retroactively with this current method of fixation.
In the rat social stress model, Wood et al. (33) reported an increase in the volume at micturition with no changes in the voiding pressures between the stressed and control groups. These findings would suggest that the urinary retention observed develops from a decreased drive from the pontine micturition center to the parasympathetic neurons involved in reflex bladder contraction with a resulting overdistention of the bladder wall. This study was run over a 1-wk time frame, and while the cystometry patterns had changed, much less bladder wall hypertrophy was induced (33) . Our cystometry data which show an increased volume at micturition and no change in the voiding pressure also suggest that a similar mechanism is operating in mice, i.e., there is suppression of the voiding reflex as opposed to detrusor sphincter dysinergia (which must by definition be accompanied by a rise in voiding pressures). While the rat model of social stress demonstrated a post void residual urine, we found this differed in our murine model of social stress. Control mice would void 10% less than the volume infused, but we were intrigued to observe that within the stress group, the voided volumes exceeded the infused volumes by an average of 13%. This suggests that there is an associated postobstructive diuresis when the stressed mice do void. Similar findings of postobstructive diuresis during urodynamic studies have been noted by our group in experimental studies of rabbit pBOO (27) as well as during human video urodynamic studies (24) . We believe the reason for this postobstructive diuresis in the murine model is a reflection of the 4-wk time frame over which these mice developed a threefold increase in bladder mass which in turn allowed for the hypertrophic changes to become established.
It is intriguing how many of the observations we made about the molecular changes in the bladder wall following social stress parallel those seen with anatomic pBOO. Following pBOO, there is an increase in bladder mass (21, 28) , a rise in the nuclear expression of NFAT and MEF-2 as detected by gel shift assays (21), a marked shift in the expression of the A isoform (28) , and increased DNA synthesis that is seen in the urothelium, lamina propria, and the fibroblasts that separate the smooth muscle bundles (21) . However, there are differences as well. There is a much greater degree of hypertrophy induced with the surgical model and a more pronounced shift to the A isoform. We also suspect that there is a greater degree of bladder wall hypoxia that develops following surgical pBOO that drives a preferential expression of the slower A isoform. The BrdU uptake is also more intense and is extended beyond the urothelium. Following pBOO, there is intense BrdU uptake in the interstitial fibroblasts and the serosal layer of these murine bladders; these histologic findings are not seen in this social stress model. We suspect that the increased BrdU synthesis seen throughout the bladder wall following pBOO will be associated with an increase in the fibroblast population which in turn leads to enhanced deposition of extracellular matrix elements. This would suggest that pBOO should have a greater detrimental effect on bladder wall compliance.
Voiding dysfunction associated with urinary retention and urinary incontinence remains the most common reason for which pediatric urologists are consulted (11) . Patients present with a wide spectrum of complaints ranging from recurrent urinary tract infections to full blown urinary incontinence. At its extreme, voiding dysfunction may be associated with bladder decompensation and upper urinary tract compromise leading to renal failure as described by Hinman and Baumann (13) . Among the possible inciting events that might lead to such severe voiding dysfunction are the painful elimination associated with cystitis and or constipation. If a child associates pain with elimination, fear of elimination will develop with the resulting bladder overdistention similar to what we observed in our model. Although far less common, stressful events such as the death of a sibling or parent have been known to incite voiding dysfunction in addition to emotional or physical abuse (10) . Irrespective of the exact etiology, the clinical evaluation and treatment of these patients consume a great deal of time and effort. The association of dysfunctional voiding with vesicoureteral reflux leads to increases in the cost for treating reflux (3) and is associated with higher complication rates when surgical procedures are undertaken to correct the reflux (14) . Finally, we would note that recent epidemiologic studies suggest that pediatric dysfunctional voiding has been associated with the development of the overactive bladder in adult women (12) .
Despite the widespread prevalence of this entity, little research has been done into the optimal management of this condition to allow for the best allocation of resources. While clinical studies described outcomes following various therapeutic approaches, there have been no experimental studies undertaken due to lack of an animal model. This is unfortunate since the pharmacologic options available to urologist today are quite limited and dated. Better pharmacologic treatment will not become available until a better understanding of the basic pathophysiology has been achieved. The stress-related neuropeptide corticotrophin-releasing factor (CRF) is a neurotransmitter found in circuits that link the brain and bladder (30, 31) and might serve as a mediator by which emotions might modulate lower urinary tract function (19, 20) . We previously showed that CRF as well as its antagonists have an impact on lower urinary tract function (19) . This pathway appears to be operational in the rat model of social stress model (33) in which changes in CRF mRNA and protein expression were demonstrated within Barrington's nucleus consistent with an upregulation of this neurotransmitter. The rat model is critical to the study of social stress-induced voiding dysfunction given that its larger size will allow for neural recordings to be made from Barrington's nucleus. The murine social stress model offers the benefit of being able to use genetically manipulated mice to gain further insight into the mechanisms by which these changes take place. As a consequence, we are hopeful that these tools will provide us with experimental means to develop an improved understanding of the scientific basis for this common clinical problem, with the hope that it may prove possible to ultimately expand the treatment options for these patients.
